IN a former paper presented to the Royal Society in January 1851, bearing the same title as the present, I submitted to the Society the evidence afforded by the principal disturbances of the Magnetic Declination at Toronto and Hobarton in the years 1843, 1844 and 1845, of the existence of periodical laws by which their occurrence and mean effects appeared to be regulated. At the close of that paper I expressed the intention of submitting, on some future occasion, the results of a similar investigation into the periodical laws which might be expected to show themselves in like manner in the disturbances of the other two magnetic elements, viz. the Inclination and the Total Force.
Having since had occasion to examine the disturbances of the Declination at the same two stations in the three succeeding years 1846, 1847 and 1848, I have had the satisfaction of finding that the observations of these years confirm every deduction which I had ventured to make from the analysis of the disturbances of the former period; whilst new and important features have presented themselves in the compa rison of the frequency and amount of the disturbances in different , apparently indicating the existence of a periodical v a r , which, either from nection (meaning thereby their being possibly joint effects of a common cause), or by a singular coincidence, corresponds precisely both in period and epoch, with the variation in the frequency and magnitude of the solar spots, recently announced by M. S chwabe as the result of his systematic and long-continued observations. As facts and collocations of this description are of particular interest at the present moment, from their bearing on inquiries in which physical philosophers are engaged, I have deemed it better to communicate them at once, in the form of a second paper on the disturbances of the Declination, than to await the completion of the investiga tion into the laws of the disturbances of the Inclination and of the Total Force, for which I have not yet been able to command the necessary leisure.
The method pursued in examining the laws of the Declination-disturbances in 1846, 1847 and 1848, is the same as that adopted for the three preceding years and described in my former paper. The observations having been made hourly, every hourly ob servation which was found to differ by a certain prescribed amount* from the mean value of the Declination in the same month and at the same hour was separated from the rest, and a body of disturbed observations was thus collected, of which the recog nised characteristic was simply that they were the disturbances of largest amount occurring in the whole period. The number of observations thus separated in the period commencing July 1, 1843 and ending July 1, 1848*, was at Toronto 3940, and at Hobarton 3469, being respectively 1 in 9*43 at Toronto and 1 in 10-55 at Hobarton of the whole number of hourly observations. The disturbed observations being next distributed into the several hours, months, and years in which they had occurred, their numbers and aggregate values in each particular hour, month and year, were ascertained. They were then divided into easterly and westerly deflec tions, and the same process of distribution was gone through with each of the two divisions. The mean hourly, monthly, and yearly numbers and aggregate values in the whole period were then taken as the respective units, and the ratios to these units computed for each of the hours, months and years ; whereby the relations, whether of numbers or of aggregate values in different hours, different months, and different years, were shown. The numerical values of this analysis will be found in the second volumes of the Toronto and Hobarton Observations, and the ratios only are stated here, as it is only the relation inter se of the numbers and values, and not the absolute numbers and values themselves, which are required in this discussion.
I shall proceed to discuss separately,-1st, the Inequality or variation in the occur rence and aggregate values of the disturbed observations in different hours o f the day and n i g h t ; 2nd, in different months o f the y e a r; and 3rd, d
I. Inequality or variation in the number and aggregate values of the disturbed observations in different hours.
This examination may be most conveniently made, by separating the disturbed observations at once into easterly and westerly disturbances, and classing together,-1st, easterly disturbances at Toronto and westerly at Hobarton; and 2nd, westerly at Toronto and easterly at H obarton: an appropriate classification, as the stations are in opposite hemispheres, and one which will be seen to be justified by the charac teristics which they respectively present.
The following Table exhibits the ratios of the numbers and aggregate values, at the different hours, in the five years from July 1843 to July 1848, of the easterly dis turbed observations at Toronto and westerly at Hobarton, to the mean hourly number and aggregate value of the same taken as the respective units. On examining this Table, we perceive,-1st. That in this division of the disturbed observations, namely, those which are easterly at loronto and westerly at Hobarton, there is a well-marked and systematic variation dependent on hour in the numbers of the disturbed observations and in their aggregate values. The most obvious feature is, that at both stations there are fewer disturbances, and their aggregate values are less in the hours of the day than in those of the n ig h t; and as the stations differ from each other nine hours in longitude, the dependence of the variation is on the hours of local and not on those of absolute time. If we divide the twenty-four hours at each station into four equal divisions according to the hours of local time, viz. 6 to 11 a .m., noon to 5 p .m., 6 p .m. to 11 p .m., and midnight to 5 a .m., the 1st and 2nd divisions being those of the day, and the 3rd and 4th those of the night, we find the mean ratios to be as follows,-the mean hoiuly number, and the mean hourly aggregate value in the whole period being still considered as the respective units.
T able II.
Hours of local time.
Toronto.
Hobarton. 2nd. With this marked and very striking correspondence in the diurnal variation of this branch of the larger disturbances at Toronto and Hobarton, both as respects frequency of occurrence and comparative value, we notice minor distinctive features, which, considering the number of years embraced in the inquiry and the systematic mode of observation pursued, may claim to be regarded as indications of persistent rather than of accidental differences. Thus 9 p .m. is at Toronto the hour of maximum frequency and value; both which maxima take place at Hobarton at 11 p .m., or two hours later. This feature is a well-marked one at both stations, and particularly in the aggregate values. In the period of the occurrences of the minimum of frequency and of value there is also a systematic difference, the period at Toronto being 2 and 3 p .m., and at Hobarton 5 and 6 a .m. The features of minimum are however less distinctly marked than those of maximum. As both the numbers and the aggregate values diminish concurrently, it is obvious that the minimum is ascribable chiefly to the diminished frequency of the disturbances at those hours ; at Toronto 2 and 3 p .m. have decidedly the fewest easterly disturbances, and at Hobarton 5 and 6 a .m. as decidedly the fewest westerly.
Numbers
It may be useful occasionally to bring into notice, concurrently with the variations of the numbers and aggregate values, the variation of the average values of the disturbed observations. The average values at the several hours are the quotients obtained by dividing the aggregate values by the numbers, and the average value in the twenty-four hours constitutes the unit of the ratios which show the variation at the different hours. These ratios, for the easterly disturbances at Toronto and westerly at Hobarton, are contained in Table III On examining this Table, we perceive that in this division of the larger disturb ances at Toronto and Hobarton, viz. those which are westerly at Toronto and easterly at Hobarton, there is also a very marked and systematic variation dependent upon the hours of local time, but the correspondence of the variation at similar hours of local time at the two stations is not so complete as in the former case. At Hobarton, the contrast both in frequency and aggregate value is still between the hours of the day and those of the night; at Toronto it is between the hours from noon to midnight, and those from midnight to noon. At Hobarton, the nodal hours, if they may be so called, are, both in the westerly and easterly disturbances, about 6 a .m. and 6 p .m. ; at Toronto they are in the easterly disturbances, about 6 a.m. and 6 p .m. ; but in the westerly, six hours different, or about noon and midnight. At Hobarton, in the westerly disturbances the ratios are greater than unity in the night hours, or from 6 p .m. to 6 a.m., and less than unity in the day hours, or from 6 a.m. to 6 p .m. ; whilst in the easterly disturbance the converse takes place, the ratios being greater than unity in the day hours, and less than unity in the night hours. At p 2
Toronto, in the easterly disturbances the ratios are greater than unity in the night hours, or from 6 p .m. to 6 a .m., and less than unity in the day hours, or from 6 a .m. to 6 p.m.; but in the westerly disturbances the ratios are greater than unity from midnight to noon, and less than unity from noon to midnight. Dividing the twenty-four hours into four six-hourly divisions as before, we have the mean ratios as follows:- By means of this Table we may perceive more immediately, and therefore perhaps more distinctly, the respects in which the westerly disturbances at Toronto and the easterly at Hobarton agree, and those in which they differ. They agree in the ratios of frequency and aggregate value being above unity from 6 a .m. to noon, and below unity from 6 p .m. to midnight. They differ in the ratios being at Toronto above, and at Hobarton below unity, from midnight to 5 a .m., and at Toronto below, and at Hobarton above unity, from noon to 5 p .m.
The hours of maximum, 7 and 8 a .m., are the same at both stations; as are the hours of minimum, 8 to 10 p .m.
The ratios of the average values in this division of the disturbances are as follows :•-
Hours of local astronomical time.
Toronto. Westerly.
Hobarton. Easterly.
Hobarton.
Easterly. Here also there is a partial accord and a partial difference between the stations. The ratios are above unity at both stations from 5 to 9 a.m. inclusive; they are also above unity at Toronto at midnight, at 10 p .m. and 1 a.m., and at Hobarton from 3 to 6 p .m. inclusive. On the whole, the average magnitude of a disturbance is greatest at both stations from 5 to 7 a .m.
The preponderance of easterly or westerly aggregate values at the different hours, shows the direction in which the magnet was deflected by the disturbances at the respective hours from the position in which it would have been found had they not occurred; and the ratio of preponderance shows the relative magnitude of the deflection. If we take the aggregate values of the westerly disturbances at Toronto and of the easterly at Hobarton at the different hours as the respective units at those hours, and compute the ratios which the easterly at Toronto and westerly at Hobarton at the same hours bear to them respectively, we obtain, as in the follow ing Table, the ratios which at Toronto the aggregate values of the easterly disturb ances bear to the westerly, and at Hobarton the westerly to the easterly, at the different hours of the day and night. When the ratios at Toronto are below unity, the mean deflection of the north end of the magnet at that hour is to the west, and when above unity, to the east. At Hobarton, the ratios which are less than unity indicate easterly deflections, and when above unity, westerly deflections. We have in this Table unmistakeable evidence of a variation, depending on the hour of local time, in the magnetic direction occasioned by the disturbances, and of a correspondence in the phenomena at the two stations indicative of a common law. During the hours of the day, or from 5 a .m. to 5 p .m. at Toronto and Hobarton, the deflection of the north end of the magnet occasioned by the disturbances is to the west at Toronto, and to the east at Hobarton. A little before 6 p .m. at Toronto, and a little after 6 p .m. at Hobarton, the deflections at both stations pass through zero, (or the undisturbed position of the magnet,) into deflections of the opposite cha racter, becoming easterly at Toronto, and westerly at Hobarton. The magnitude of those deflections rapidly augments to a maximum, which is reached at Toronto at 9 p .m., and at Hobarton an hour later, from which hour it progressively diminishes until between 4 and 5 a .m., when the deflections at both stations again pass through zero to a maximum of westerly deflection at Toronto, and of easterly at Hobarton, which occur at the same hour, 7 a .m., at both stations.
The mean ratios in each of the four divisions of the twenty-four hours are as follows:- Passing now for the moment, and in this particular case only, from ratios to abso lute v a l u e s , I have placed in the following Table the arc-values of the deflections of the north end of the magnet at Toronto and Hobarton, at the different hours, caused by the disturbed observations, and taken on a daily average during the whole period of observation. The analogy of the two stations is generally so close as to give a greater import ance than might otherwise be ascribed to the principal feature of difference in the diurnal progression, namely, that the nocturnal easterly deflection at Toronto pre cedes the westerly at Hobarton throughout by about an hour; it commences earlier, reaches its maximum earlier, and diminishes earlier. It is obvious, on the mere inspection of these Tables, that there is a systematic variation in the numbers and aggregate values of the disturbances in the different months; and as at both stations the easterly and westerly ratios, separately con sidered, differ little, in the characters which they assign to the variation, from the ratios of the two combined, we may fix our attention chiefly on the two final columns of each table.
The most distinctly marked feature is that the disturbances are less frequent, and have a less aggregate value in November, December, January and February at Toronto, and in May, June, July, and August at Hobarton than in the other eight months of the year. As we have before seen that in the hours of their occurrence the disturb ances appear to be governed by a law depending on local hours, so here, we recognise local effects depending on the period of the year, and possibly the influence of local seasons (since we are scarcely yet in a condition to discriminate as to causes). The mean monthly ratios in the different seasons are shown in the following Table, in which it will be remembered that November, December, January and February, are the winter months at Toronto, and May, June, July and August, at Hobarton. It is seen that the mean ratios, both of frequency and of aggregate value, are much less in the winter months at both stations than in the months of summer or of spring and autumn, or, otherwise stated, least at Toronto in the months when the sun is in the southern signs, and least at Hobarton in the months when he is in the northern signs.
If we compare the ratios of the numbers in the different months with those of the aggregate values in the same months, we perceive that the average value of a disturbed observation is greater at both stations in the winter than in the summer months, and that it is greatest in the intermediate or equinoctial months. In these respects, and also in the circumstance of the minimum ratio, both of numbers and aggregate values, being in the midwinter month, (January at Toronto, and June at Hobarton,) the two stations agree. They differ 1° in the relative amount of the mean ratios in the months of summer and in those of spring and autumn, the mean ratios being decidedly greater at Toronto in spring and autumn than in summer, whilst at Hobarton there is no such marked difference: and 2° in the character of tiie progression which the ratios at the two stations indicate in the different months: at Toronto there are two decided minima, one in the midwinter, and the other in the midsummer, with a progressive increase on either side of the respective minima to April and September, which are the months of maximum disturbance: at Ho barton there is but one decided minimum, which is in the midwinter month ; whilst in January, which is the month of midsummer, there is as decided a maximum in the ratios, both of numbers and values. At the same time there is so far an agree ment with Toronto, that there is a tendency at Hobarton towards secondary maxima in April and September.
The points of accordance and points of difference thus noticed, are precisely the same as were deduced in my former paper from the observations in 1843, 1844 and 1845. From the confirmation which has now been derived from the observations in the following years, 1846, 1847 and 1848, they may perhaps claim to be regarded as the exponents of persistent natural laws.
III. Variation in the numbers and aggregate values of the disturbed observations in different years.
Table X III. exhibits the ratios of the numbers and aggregate values of the disturbed observations at Toronto and Hobarton in the different years, to the average annual number and aggregate value respectively*. On the first aspect of this Table, two features of principal interest present them selves ; first, there is a considerable variation in the numbers and values of the disturbed observations in different years; and second, there is a remarkable corre spondence in the variation in different years at the two stations.
Before we proceed to consider the first of these features, which is obviously one of great importance, it may be desirable, in reference to the correspondence at the two stations, to state more precisely than has been done previously, the degree of simulta neity at the two stations of the observations from which the conclusions are derived.
The weeks of observation commenced at both stations at midnight on the Sun days, and terminated an hour before midnight on the Saturdays. As these epochs were of local time, the week of observation commenced at Hobarton at 3h, and at Toronto at 18h of Gottingen time of the same astronomical day; and terminated at Hobarton at 2h, and at Toronto at 17h of Gottingen time. There were consequently fifteen hours at the commencement of each week (3h to 17h Gottingen) in which observations were made at Hobarton without simultaneous observations at Toronto; and fifteen hours at the termination of each week in which observations were made at loronto without simultaneous observations at Hobarton. There were also nine hours in every week, between the conclusion of the one week at Toronto and the commencement of the next at Hobarton (18h at Gottingen to 2h of the following day), in which no observations were made at either observatory.
In a week of seven days there are 168 hours, and deducting nine, there remain 159 hours in each week in which observations were made at one or other of the two observatories, from which the ratios in Table X III. are derived. Deducting twice fifteen or thirty hours from the 159, we have 129 hours in each week in which observations were made simultaneously at the two observatories, and thirty hours in which they were made at one or other observatory, but not simultaneously at both. A still further small deduction would require to be. made from the simultaneous portion, on account of the Good Fridays and the Christmas days, and of the obser vations accidentally missed. We may state, therefore, in round numbers, that about four-fifths of the whole number of observations which have contributed to form the ratios in Table X III. were simultaneous at both stations, and that about one-fifth were not so.
This consideration being premised, we shall be inclined perhaps to regard the accordance in the ratios at the two stations in different years as being quite as near as could be expected, even on the extreme supposition which the case will admit, namely, that of all disturbances being g e n e r a l. That th at Toronto and Hobarton, may be concluded from the circumstance, that by far the greater part of the disturbances which form the subject of discussion in this paper, occurred on the same days at the two s t a t i o n s . This may Tables in the Abstracts prefixed to the second volumes of the Toronto and Hobarton Observations, in which the 3940 largest disturbances at Toronto, and the 3469 at Hobarton, are placed in separate tables, showing the day and hour of the occurrence, together with the direction and amount of each, for the purpose of facilitating their intercomparison, and of aiding generally in comparisons of a similar nature between the observations at these stations and the observations which by concerted arrange ment may have been made simultaneously with them at other observatories. In all such comparisons the modifying influence of hours and periods of the year shown in the first and second sections of this paper, must be kept in view; and it must also be remembered that the evidence of the general character of these magnetic affections, which may be afforded by the comparison of the observations of the Declination alone, may be expected to be greatly strengthened when the disturbances of the Inclination and of the Total Force shall have been subjected to a similar process. The evidence furnished by a single element must necessarily be partial and incomplete.
Recurring now to the ratios in Table X III., and directing our attention to the character of the inequality which they show to have existed in the amount of disturbance in different years, the facts which present themselves most obviously and unquestionably to our notice are, that in the years 1843, 1844 and 1845, the ratios were uniformly considerably less than , and that in the years 1846, 184/ and 1848, they were as uniformly considerably greater than . The mean ratios in the three first years are, at Toronto 0*69, and at Hobarton 0*68; whilst in the three last years they are at Toronto T33, and at Hobarton 1*34. Facts of such remarkable character, evidenced by the independent and concurrent testimony of so large a body of observations at stations so widely distant from each other, seem to be well deserving the consideration of magnetical physicists; more particularly of those who are disposed to regard thermometrical differences as the cause of the periodical and other magnetic variations. The ratios of disturbance in the years 1846, 1847 and 1848, were nearly twice great as in the years 1843, 1844 and 1845. Did there occur any notable differences of either local or general temperature, or thermometrical peculiarities of any description, in the years in question, to which variations of such magnitude in the ratios of magnetic disturbance can be ascribed, or with which they can be connected?
We should not however derive all the advantage which an examination of the ratios in Table X III. seems suited to afford to those who desire to obtain an insight into the character of the variations they represent, were we to overlook the still more remarkable fact which they manifest, of a general, and with a single exception, uninterrupted progressive increase in the amount of disturbance from a minimum in 1843 to a maximum in 1848.
The interruption is in 1845, when the ratios, both of numbers and values, are less than in 1844. This interruption of the perfect continuity of the progression occurs alike at both stations; it is not of large amount, and is the sole exception to an otherwise continuous increase in the amount of disturbance during the years com prehended in this investigation.
The accordance with which the ratios at Toronto and Hobarton indicate this pro gression, is scarcely less remarkable than are the facts which they combine to indi cate. It is indeed difficult to regard results so strikingly correspondent in any other light, than as independent and mutually corroborative measures of the same general phenomenon; and to view the inconsiderable differences between the ratios of the several years at the two stations as due either to accidents of observation, or to the want of strict simultaneity in all cases which has already been described. In such case a combination of the ratios obtained in opposite hemispheres would perhaps present a not improbable approximate view of the general variation in the amount of disturbance in the different years, occasioned in both hemispheres by the class of phenomena under notice. It is contained in the following Table. T able XIV.-Mean of the ratios at Toronto and Hobarton.
IN THE MEAN EFFECTS OF THE LARGER MAGNETIC DISTURBANCES. 115
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Numbers

Q 2
The variation in the amount of disturbance in the different years presented in this Table, has certainly far more the aspect of a periodical
, than of what may be called for distinction's sake, accidental variation. The character, with the single exception already noticed, is that of an increase systematically progressive between the years 1843 and 1848. But the existence of a periodical inequality of this nature, affecting at the same time, and in the same manner, parts of the globe most remote from each other, would be a circumstance of such extreme importance in theoretical respects, that we are bound to receive the facts which may appear to indicate it with the utmost caution, and to await the confirmation it may obtain from contempora neous observations at other stations. The magnetic disturbances present as wellmarked and as notable features over the greater part of Europe as they do at Toronto and H obarton; and there exist, or there should exist at those European observatories which have professed to adopt and carry out the system of observation proposed by the Royal Society, hourly or two-hourly observations, not only contem poraneous but simultaneous with those which have been discussed in this paper, and which, if examined, should yield corresponding conclusions, if the phenomena be general. In magnetical no less than in astronomical observations, the work of an observatory is but partially performed, until the observations have been subjected to processes of reduction, and their bearing on the points of theory for which they were instituted has been examined and shown.
Pending such confirmation, the general progressive increase in the amount of disturbance at Toronto and Hobarton, between the years 1843 and 1848, derives great additional interest and importance from its apparent connection with an equally remarkable progressive increase which took place at the same two stations, in the magnitude of the diurnal range of the Declination in the same years. The Tables in which the hourly observations at Toronto and Hobarton are recorded in the volumes of those observatories, exhibit for each month the mean monthly diurnal variation: the extreme east and west positions of the magnet at any two hours in these monthly means, show the mean magnitude or average range of the diurnal variation in that month. The subjoined Tables XV. and XVI. contain the mean magnitudes or ranges in the four months constituting the respective seasons, and in the twelve months constituting the year, in each year from 1843 to 1848. We perceive by Tables XV. and XVI. that a generally and almost uniformly pro gressive increase took place at Toronto and Hobarton in the mean monthly range of the diurnal variation of the Declination between 1843 and 1848, contemporaneously with the increase in the amount of the disturbances produced by the variations which are of less regular occurrence and have distinct phenomenal laws. This coincidence appears to afford a more direct and decided indication of a causal connection sub sisting between the two classes of phenomena than any which has previously pre sented itself.
It might be supposed that an increased amount of disturbance occurring in any year from the last named causes, i.e. the disturbances, might hav increasing the diurnal range of the Declination; and such undoubtedly must be the case on individual days; but when mean values are in question, as is the case here, the difference in the mean monthly diurnal range, when the disturbed observations are retained, or when they are omitted, is scarcely sensible. The following Table contains the mean monthly diurnal range in the different years at Hobarton, when the 3469 disturbances of largest amount have been withdrawn. When compared with the values in Table XVI ., where the disturbances are retained, the difference is seen to be wholly insignificant. Facts so remarkable as those presented in Tables XV. and XVI. , showing in the course of six years a progressive increase in the range of the diurnal variation taken from the monthly means of the observations in the several months, from 8'*90 to 12'* 11 at one station, and from 7'*66 to 10'*63 at another station separated from the former by nearly half the surface of the globe, might naturally have created an expectation that they would prove to be independent and corresponding measures of a general phenomenon. Fortunately, in the case of the diurnal range, we have not to wait, as we have in the case of the disturbance-progression, for a confirmation of its extension to Europe. In a recent number of P oggendorff's Annalen, 1851, No. 12, December 23 (which only reached the author of this paper when the greater part of it was already written), Dr. L amont has published a Table of the mean monthly range of the diurnal variation of the Declination at Munich, from 1841 to 1850 inclusive, from which he also has been led to infer the probable existence of a periodical inequality, having its epoch of minimum in 1843*5, and of maximum in 1848*5. The mean range of the diurnal variation in monthly periods at Munich in the years discussed in this paper, is stated in Dr. The years which Dr. L amont infers from the Munich observations to have been those which include the half-period of the inequality of the diurnal range, (or that portion of the period which is comprised between the epochs of minimum and maxi mum,) are precisely the same years over which my discussion of the disturbances has extended, and from which I have been led to infer the probable existence of a periodical inequality in those phenomena also, having the very same epochs of mini mum and maximum. Dr. L amont confines himself entirely to the diurnal inequality of the Declination, leaving untouched the subject of the disturbances (or, as they are more usually termed in Germany, the magnetic storms).
Whether the progressive increase so distinctly marked in the two classes of phe nomena between the years 1843 and 1848 be or be not the result of causes which have a periodical action, in a cycle which may be either of regular or of variable duration, the fact of the progressive increase being concurrent in both classes is of no slight importance. It tends to indicate a causal connection subsisting between the disturbances and the diurnal variation; which latter, in addition to the laws which point directly or indirectly to the sun as the origin of its every-day phenomena, has other phases which mark unmistakeably, and at stations very variously situated in geographical and magnetical respects, the equinoxes as epochs of periodical change. The investigation, of which the results are contained in this paper, has shown that the disturbances have also a law of diurnal action, depending like that of the regular diurnal variation on the hours of local time, but with different hours of maxima and minima; it has also shown, generally, that there is an influence connected with the period of the year on the frequency of occurrence of the disturbances of principal magnitude, affecting the aggregate effects of the disturbing causes; but it has not yet succeeded in tracing a definite epoch of semiannual change in the disturbances with the same precision as in the diurnal variation, of which the phenomena have been so much longer and so much more minutely studied, and in which the epoch of change in the phase depending on the earth's revolution in its orbit has been distinctly traced to the very days of the equinoxes*.
The progressive augmentation of the range of the diurnal variation between 1843 and 1848, is quite as conspicuous in the respective winters at Toronto and Hobarton as in their summers: the ratio of the increment of the range is even somewhat greater in winter than in summer. This has an important bearing when we regard the diurnal variation as divided into two portions, one depending on the earth's revolu tion on its axis, and the other on the earth's revolution in its orbit.
The extreme range of the periodical inequality of the diurnal variation from 1843 to 1848, i.e. the difference between the ranges of the diurnal variation in 1843 and 1848, is less at Toronto and Hobarton than the difference in the mean winter and summer ranges in any single year, i.e. than the inequality due to t sun with reference to the equator.
That the progressive increase in the mean monthly diurnal range from 1843 to 1848, was not confined at Toronto and Hobarton to the Declination only, but took place likewise in the diurnal variations of the Inclination and Total Force, is shown in the subjoined Tables XVIII. and XIX., XX. and XXI., which appear to require no further explanation, as they are arranged on the same plan as Tables XV. and  XVI. T able XVIII.-Mean monthly diurnal range of the Inclination at Toronto.
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Years.
Winter. Spring and Autumn. Summer. Mean in the whole year. November, December, January, February.
March, April, September, October. M. S chw abe has not been able to derive from the indications of the thermometer or barometer any sensible connection between climatic conditions and the number of spots. The same remark would of course hold good in respect to the connection of climatic conditions with the magnetic inequalities, as their periodical variation in different years corresponds with that of the solar spots. But it is quite conceivable that affections of the gaseous envelope of the sun, or causes occasioning those affec tions, may give rise to sensible magnetical effects at the su producing sensible thermic effects.
It may be confidently anticipated that so remarkable a coincidence in the degree of energy with which the causes producing obscurations in the luminous disc of the sun, and those producing the magnetic variations at the surface of our planet, appear to have acted in the different years between 1843 and 1848, will receive due atten tion at those observatories which, by their more permanent character, are more particularly adapted for the investigation of problems requiring several years for their solution.
As the physical agency by which the phenomena are produced is in both cases unknown to us, our only resource for distinguishing between accidental coincidence and causal connection seems to be perseverance in , until either the inferences from a possibly too limited induction are disproved, or until a more extensive induction has sufficed to establish the existence of a connection, although its precise nature may still be imperfectly understood. For such continued investi gation we must look to those observatories which are permanent in their institution; and in this particular problem, to those especially which combine astronomical and magnetical research. The hourly observations at the British Colonial Observatories, which, combined with M . S chw abe's observations of the sun in Germany, have led to the discovery of the existence of the coincidence during the years 1843-1848, ceased in 1848, having accomplished the special objects for which they were insti tuted. There are yet remaining for analysis, in reference to the disturbance-varia tions, the hourly observations at Hobarton in 1841 and 1842, and the 2-hourly at Toronto in the same years, which will show whether the aggregate values of the dis turbances were greater in those years than in 1843, as they should have been in con formity with a periodical inequality having 1843 as a minimum epoch.
